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XVIII. Concerning the Latitude and Longitude of the R^yal 
Obfervatory at Greenwich ; with Remarks on a Memorial of 
the late M. Caffini de Thury. By the Rev. Nevil Malke- 
lyne* D. D. F. R. S. and .Ajlronomer Roy ah 



Read Feb. 22, 1787. 

M E M O I R E 

Sur la jon&ion de Douvres d Londres. 

Par M. Cassini de Thury, Dire&eur de l'Obfervatoire 
Royal ; de la Societe Royale de Londres, &c. 

IL eft intereffant pour le progres de Faftronomie que Ton con- 
naifle exa£tement la difference de longitude et de latitude 
entre les deux plus fameux Obfervatoires de l'Europe ; et quoi- 
que les obfervations aftronomiques faites depuis un fiecle offrent 
un moyen affez exa£t pour parvenir a cette recherche, il parait 
cependant que Ton n'eft point d'accord fur la longitude de 
Greenwich a onze feconds pres, et fur fa latitude a quinze 
fecondes. 

L'on a reconnu par les operations trigonometriques executees 
en France, au Nord, et au Perou, que fur l'etendue d'un degre 
du meridien ou de 57 mille toifes, l'on fe trompait a peine 
de dix toifes, ce qui a ete prouve par des bafes mefurees a l'ex- 
tremite des fuites de triangles j ainfi fur la diftance de Douvres 
a Londres, qui eft de 49800 toifes ou environ, on ne pourrait fe 
tromper de 1 20 toifes, qui repondent a onze fecondes en longitude. 
3 M. 
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M. Cassini a deja publi6, dans le livre de IaMeridienne Veri« 

nee, les operations par lefquelles Ton a determine la diftance de 

Calais a la groffe tour de Douvres de 1 8241 toifes par un premier 

triangle* etde 18243 toifes par un fecond triangle; on au rait cette 

diftance avec une plus grande exactitude en obfervant le3 angles 

conclus a Douvres, qui font fort aigus. M. Cassini a decoU- 

vert des cotes de France plufteurs objets fur Ids c6tes d'Angle- 

terre, qui feront vifibles de la tour de Douvres ; et fur cette 

premiere bafe on etablirait une fuite de quelques triangles 

jufqu'a Londres, dont le nombre et la grandeur dependent de 

1'expofition des objets eompris dans la direction de Douvres a" 

Londres* 

M. Cassini ne doute point quece projet ne foit agree d'un 
Souverain qui aime les fciences, qui non content des decouvertes 
du celebre Cook vient d'ordonner un fecoiid voyage autour du 
monde, et que la Societe Roy ale ne charge un de fes Membres 
de 1' execution ; et dans le cas ou fes occupations rempecheraient 
de s'y livrer, qu'elle ne permit a M. Cassini de s'en charger. 
L'honneur qu'elle lui a fait de 1'aiTocier a un corps auffi re- 
fpe&able ferait un titre pour lui accorder fa confiance. M. 
Cassini a profite du voyage du Roi en Flanders en 1748 pour 
joindre les triangles de la meridienne a ceux de Snellius en 
Hollande; en 1762 il a prolonge la perpendiculaire de Paris 
jufqu'a Vienne en Autriche. La branche qui s'etendra jufqu'a 
Londres fera la troifierae, et forrnera la jon&ioa des deux plus 
belles villes de TEurope. 
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THE preceding Memorial of the late M. Cassini de 
Thury was put into ray hands by Sir Joseph Banks, our 
Prefident, on the i8th of April, 1785, deftring me at the 
fame time to give an anfwer to it. Happy if I can folve the 
doubts entertained by the late Royal Aftronomer of France 
concerning the latitude and longitude of this Royal Obferva- 
tory, and at the fame time do juftice to the memories of my 
learned predeceflbrs, and to myfeif, I fhall give an account 
of the principal operations that have been performed here 
for afcertaining thofe points, and then add my own re- 
marks to elucidate the fubject and reconcile the difficulties in 
queftion. 

Had Dr. Bradley lived longer, for the benefit of aftronomy, 
topublifh his valuable obfervations, or had they been fince pub- 
limed by another hand, which unfortunately they hitherto have 
not,thefe remarks might have been unneceffary, and perhaps even, 
the occasion for them might never have occurred ; as it would 
have then appeared upon what foundation the latitude of this 
Obfervatory had been eftabliflied, and what differences of me- 
ridians between Greenwich and the other principal Qbfervato- 
ries of Europe refulted from the obferved eclipfes of Jupiter's 
fatellites and other celeftial phaenomena. 

However, having formerly been apprifed by Dr. Bradley 
himfelf of feveral particulars of moment relative to his obfer- 
vations, and particularly of the method which he ufed for fettling 
his latitude and refraclions, after he became poffeffed of the 
new inftruments in 1750, and being affifted with fome of his 
manufcript calculations, with the addition of my own obferva- 
tions, I flatter myfeif 1 can throw the light wanted on the 

Vol. LXXVIL X question, 
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queftion, and obviate the principal difficulty, that relative to 
the difference of latitude of Greenwich and Paris, and reduce the- 
difference of meridians within fmaller limits, notwithstanding 
Dr. Bradley's original obfervations had been removed from 
this x Obfervatory, in which they were made, before I came 
here, and have not yet been reftored to it. 

Dr. Bradley having been furnifhed by Government in the 
year 1750 with a brafs mural quadrant of eight feet radius, 
conftructed by that excellent artift Mr. John Bird, an inftru- 
ment far fuperior to any before ufed in the practice of aftro- 
liomy, affiduoufly obferved the pole ftar and other ftars lying 
to the north of the zenith with it for upwards of three years, 
and then removed it to the oppofite fide of the wall, making it 
change place with the iron quadrant of the fame radius 
conftru£ted by Mr. Graham, likewife an excellent inftru- 
jnent, though inferior to this, and commenced a regular 
feries of obfervations of the fun, planets, and fixed ftars, 
which have been ever fince continued in the fame manner. 
Moreover, the temperature of the air, ihewn by the barome- 
ter an«3 thermometer, is affixed to each obfervation ; and the 
zenith point of the quadrant fettled from time to time by the 
help of a zenith fe&or of I2§ feet radius, turned alternately 
contrary ways, the fame with which Dr. Bradley had before 
made his two ufeful and admirable difcovefies of the aberration 
of light and the nutation of the earth's axis. 

By the obfervations of the pole ftar and other circum- 
polar ftars, above and below the pole, Dr. Bradley got the 
apparent zenith diftance of the pole; by the apparent and 
equal zenith diftances of the fun at the two equinoxes, having 
at the fame time oppofite right afcenfions, as found from com- 
paring his obferved tranfits over the meridian with thofe of 
5 fixed 
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fixed ftars, after the manner ufed by Mr. FlamsTeed fot 
deducing the right afcenfions of the fixed ftars, he found the 
apparent zenith diftance of the equator, which leflehed by pa- 
rallax and added to the apparent zenith diftance of the pole 
gave a fum lefs than 90 by the fum of the two refractions 
belonging to the pole and meridian zenith diftance of the equa- 
tor. But he remarked, that the difference of refractions, be- 
longing to thefe zenith diftances, would come out the fame 
within 2 or 3" by any of the beft tables then extant^ whether 
deduced folely from obfervations, or partly from obfervations 
and partly from theory. The fum and difference of refractions 
anfwering to the pole and equator being thus given, the refrac- 
tions themfelves are given, the greater of which added to the 
apparent zenith diftance of the equator gives the latitude of 
the place, and the lefs refraction added to the apparent zenith 
diftance of the pole gives the co-latitude. 

He afterwards, from the confideration that the refractions at 
the pole and equator may be taken without fenfible error as the 
tangents of the zenith diftances, according to. Mr. Thomas 
Simpson's theory of refractions in his Mathematical Diflerta- 
tions, divided more accurately the fum of the refractions at 
the pole and the equator into the jiift parts anfwering to each: 
zenith diftancej and thereby found the latitude with more 
exactnefs. In this manner he found the latitude of the Royal 
Obfervatory to be 51 28' .39"$, and the mean refraction at 
45 3' to be 57 // , the barometer ftanding at 29,6 inches* and 
the thermometer of Fahrenheit's fcale at 50°^ 

But, not to let a matter of fb much confequence t-eik on my 
affertion or memory, when further proof can be given of it, 
1 have by me, in the hand-writing of Dr. Bradley, among 
other particulars, his calculations of the latitude of the Obfer- 

X 2 vatory 
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vatory from his obfervations, according to the manner above 
explained; in which he firft ftates it at 51 28' 38", and 
finally more correctly in thefe words. " The apparent zenith 
" diftance of the equator, by the mean of 20 obfervations in 
*' 1746-47, 51 27' 28". The mean apparent diftance of the 
"pole, by the obfervations made between 1 750-52, 38 30' 35' '. 
*' Sum 8 9 58' 3 // . Sum of refractions 1' $7" . Polar refrac- 
" tion o' 45 // |- Equatorial refraction 1' i\"\. Latitude 
" 51 28' 39 "i. Co-latitude 3 8° 31' 20' V 

The latitude of the Obfervatory being thus fettled, as well 
as the quantity of refractions for all ftars paffing the meridian 
between the pole and the equator, Dr. Bradley readily 
inferred from his obfervations the true diftance of all fuch 
ftars from the north pole, which, compared with their zenith 
diftances obferved below the pole, gave the refractions at 
thofe lower altitudes. Finally, by comparing the refractions 
together obferved in extreme degrees of heat and cold, he 
deduced the law of their variation as affected by heat and 
cold; and thus at length he inferred his elegant rule for 
determining the refraction in all circumftances, that it is to 
57", in the direct compound ratio of the tangent of the 
apparent zenith diftance leflened by 3 times the refraction to 
the radius, and of the height of the barometer in inches to 29,6 
inches, and in the inverfe ratio of the degree of height of 
Fahrenheit's thermometer increafed by 350 to 400. 

But it may be proper to confirm this rule for refractions alfo 
from the fame manufcript of Dr. Bradley, which I before 
cited for confirming the latitude, by the following paflage, 
which immediately follows the other. " Suppofe the 
"mean refraction at 45 3'= ^'\ and jy=35o; then 
" y+t : bar. :: 77" .: refr. at 45 3', 

" Rad. 
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<f Rad. :tan.ZD::3':m Rad. : tan.ZD - m :: refr.at45°3 / : r 

" [the refra&ion required]." It is eafy to fee that this rule 
agrees with, the other: for putting 7 = 50, and barometer 
= 29,6, the firft analogy, putting the barometer down in 
tenths of an inch, is 350 + 50 = 400 : 296 :: 77" : 56^,98 for 
the refraction at 45 3', or 57" within -^th of a fecond.- 
The fecond analogy ferves to give the treble refra&ion nearly, 
called m. Whence it is evident, the laft analogy coincides 
with the rule above given. 

This valuable rule was firft communicated by myfelf to the 
public in vol. LIV. of the Philofophical Tranfadions, p. 265. 
and in p. 49. and 129. of the firft edition of Tables requifite to 
be ufed with the Nautical Almanac, together with a Table of 
the mean Refra&ions deduced from it, with the firft Nautical 
Almanac, that of 1767, publifhed by order of the Commif- 
fioners of Longitude in 1766 ; and again, at page the 5th of 
the Explanation and Ufe of the Aftronomical Tables, annexed 
to the firft volume of my Obfervations made at the Royal 
Obfervatory from 1765 to 1774, publifhed by order of the 
Prefident and Council of the Royal Society, with two tables 
in that work, containing the mean refractions and decimal 
multipliers for reducing them to any given temperature of the^ 
air indicated by the barometer and thermometer.' The words 
in page the 5 th of the faid preface are as follows. " The 
" aftronomical refractions and latitude of the Obfervatory were 
«* fettled with the greateft accuracy by Dr. Bradley, from his 
" obfervations of the circumpolar ftars, with the brafs mural 
** quadrant, during the three years that it was turned to the north, 
" and of the fun and ftars in the fubfequent years after it was 
** removed to point to the fouth. The following elegant rule 

" was 
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" was the refult of his obfervations, that the refraction at any 
" altitude is to 57 feconds, in the direct compound ratio of the 
" tangent of the apparent zenith diftance leffened by 3 times 
* 4 the refra&ion to the radius, and of the altitude of the baro- 
" meter in inches to 29,6 inches, and in the reciprocal ratio 
" of the height of Fahrenheit's thermometer increafed by 
" the number 350, to the number 400. Tables XXII. and 
" XXIII. were adapted to this rule ; the firft containing the 
" mean refractions anfwering to 29,6 inches height of the 
" barometer and 50 degrees height of the thermometer 5 and 
" the fecond table containing decimals for multiplying the 
« 4 mean refraction in order to find the correction, which applied 
«' to it will give the actual refraction, the fame as would have 
" been produced by the rule with fomewhat more trouble* 
" Dr. Bradley fuppofed the horizontal parallax of the fun 
«* 1 o| feconds^ in the calculations from which he inferred the 
" refractions; and I have been informed, that he determined 
«* the latitude of the Obfervatory 51 28' 39"! . But, had he 
" made ufe of the true parallax %"% or %"%, as found by the 
" two late tranfks of Venus over the fun, he would have made 
" the refraction at the altitude of 45 to be 56"! inftead of 
*' Sl"> ana - the latitude of the Obfervatory exactly 5 1° 28 / 4o // 
*« inftead of 51 28 v 39 // i. But his rule for refractions can- 
" not be corrected for all altitudes* without examining his ob* 
" fervations of refractions made at various times." 

On comparing this extract with M* Cassini's Memoir, I can- 
not but eXprefs my furprife, that he mould not have adverted to 
apaffage Containing fo direct an application to the grounds of his 
Memorial, in a publication of fuch notoriety, and of fo old a 
date as 1776; had he done fo,. I cannot but think, he would 
never have hazarded fuch an opinion as that advanced by him 

in 
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in his Memoir of au uncertainty of "15" in the latitude of 
Greenwich; but he might have been induced to believe, 
that the latitude, of this place had been well determined. 

For further confirmation of the certainty of the agronomical 
refractions, and latitude of the Obfervatory, as fettled by Dr. 
Bradley, it may be proper to add, that the Greenwich brafs 
mural quadrant underwent a trial, which all agronomical in- 
struments ought to be fubmitted to, but which very few ever 
have been, on account of the difficulty and nicety of the ope- 
ration, namely, an examination of the total arc ; when it was 
found by Dr. Bradley to be an accurate quadrant, the arc 
appearing at one trial to differ only a fraction of a fecond from 
po°, and another time, after an interval of above fix years, to 
be a perfect quadrant. See p. 24. of Bird's Method of con- 
structing Mural Quadrants, published by the Board of Longi- 
tude in 1768. In like manner he had before examined the 
total arc of the iron quadrant, firft put up by Mr. Graham, 
for the ufe of Dr. H alley, in the year 1725, by means of a 
level, and found it to be i6 // lefs than a quadrant. See Bird's 
Method of conftru&ing Mural Quadrants, p. 7. and Memoires 
of the Royal Academy of Sciences at Paris, for 1752, p. 424. 
But this quadrant was, in the year 1753, re-divided by Mr. 
Bird, and, in this refpeft, probably rendered as accurate as 
the other. See Bird's Method of conftructing Mural Qua- 
drants, p. 24. 

Dr. Bradley made a curious ufe of the new fet of divifions, 
foon after they were laid upon the quadrant, to re-examine the 
error of the total arc laid down originally by Mr. Graham 
(which by the plumb-line and level he had found to be 1 6" lefs 
than a quadrant in 1745) according to the following paffage 

contained in the manufcript before cited. 

** Auguft 
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** Augufl 12, 1753, I meafured with the fcrew of my mi- 
« e crometer the difference of the arcs (of i.*) as fet off by 
" Mr. Graham originally, and by Mr. Bird when he put 
(i on a new fet of divifions upon the old quadrant, and 1 
" found that Mr. Graham's arc was lefs than Mr. Bird's by 
" -jlj. divifions of my micrometer, which to a radius of 96 inches 
'* anfwers to io // ,6 ; fo that the whole arc of 96 differs from 
" a true quadrant I5 // ,^, which is the fame difference that I 
'"■formerly found by means of the level, &c." 

Let me further add, that Dr. Bradley had informed me, 
that he had found the fame refractions, latitude of the Obfer- 
vatory, and obliquity of the ecliptic, by both quadrants, 
making a proportionable allowance, in the ufe of the iron qua- 
drant, for the error of 1 6 // in the total arc in proportion to 
the zenith diftance of the object before it was new divided. 

The Rev. Dr. Hornsby, F. R. S. Savilian Profeffor of 
Aftronomy at Oxford, to whofe care Dr. Bradley's original 
obfervations have been committed, in order to their being 
printed and publifhed, having favoured me with calculations of 
the latitude of the Royal Qbfefrvatory from obfervations of the 
pole ftar made with both quadrants, from a manufcript of Dr. 
Bradley, I think it proper to give it a place here, not only as 
■a very curious paper, but alfo as ftrongly confirming the lati- 
tude of : this place before flated. 

Tranfcrihedfrom a looje Paper of Dr. Bradley. 

" The mean zenith diftances of the pole flar above and below 
" the pole, corrected by refraction, aberration, &c. and re- 
duced to January 1751, O. St. as collecTred from the obfer- 
vations made after the new quadrant was balanced, Nov. 

24> 1750* 

Number 
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Below the pole. 
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in 




1 11 




n 


36 29 46,66 


8 


4o 33 2.95 


Jan. 15, 1751 


22 


45.42 


26 


3.37 


Aug. 27, 1 751 


23 


45»i3 


27 


2,14 


May 4, 1752 


19 


44>63 


28 


1,67 


Nov. 10, 1752 


28 


45,00 


23 


i.74 


May 31, 1753 


9 


44.59 


8 


*>54 


July 26, 1753 


124 


36 29 45>24 I 


120 


40 33 2,24 






1 


36 29 45,24 


! 



' 77 2 47.48 

38 3' 2 3.74 

Error of collimation 1,74 



Co-latitude 38 31 22, o 




77 



1 15,8 



3 8 3° 37.9 
Collimation 1,4 

Refraction +45.5 



38 31 22,0 
By new quad. 51 28 38,0 



Refraction. 
42" + 
49 - 



36 29 2§ 

40 32 1 Si 



6| 4 3 11 

Refra&ion + 6| 



a / it 

4 3 10,8 
+ 6,6 



4 3 l 7*+ 



4 3 I7f t. 

2 1 39 — the mean diffiance 

from mean pole Jan. 1751. 

The apparent zenith difhnce of the pole, by the mean of 
310 obfervations, is 

38 30 36 allowing — %" for the error of the line of collimation. 
Refraction + 45I 

' ' ~ O I II 

38 31 2i| Co.lat. 38 31 2if by the new quadrant. 

Latitude 51 28 38I 38 31 i8§bytheoldquad.newdivifionj. 
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35 
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35 
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29,80 


38 


3° 


Dec. 3 


39»3 


30,16 


39 


33 


8 


37,4 


30,06 


35 


27 


17 


4*,5 


29,50 


50 


49 


30 


3 B >° 


30,11 


33 


22 


Mean 


33 3° 40,5. 


29,81 


47 


4*2 


Refraaion 


+ 46,4 








Col. 


- 8,4 








Pol» corr. 


3 8 3i i8.5 









So far the manufcript. 

Thus the latitude by the brafs quadrant being 51 28' 38 // f s> 
and by the iron quadrant with new divifions 51 9 28' 41 "J, 
the mean by both quadrants is 5i°28 / 40 // , or only half a 
fecond greater than fettled in another manner, according to 
the manufcript of Dr. Bradley in my pofledion. Alfo the 
apparent zenith diftance of the pole with the mean refraction 
45^,4 being 38 30' 36", 1 by the brafs quadrant, and 
38 30'' ^'ii) by the iron quadrant, the mean by both is 
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3 8° 30' 34 // ,6, or only -r^ths °^ a Second lefs than by Dr* 
Bradley's manufcript cited before. 

On my promotion to the Royal Obfervatory in 1765, finding 
its latitude to have been fo accurately fettled by Dr. Bradley 
before me, I might have thought myfelf difpenfed from making 
any particular or very laborious obfervations for that purpofe ; 
however, I confirmed it by my own obfervations to great near- 
nefs, viz. within 1 or i", at the fame time that I was eftablifh- 
ing a new catalogue of the principal fixed ftars, continually 
obferved here for fettling the right afcenfious of all other 
celeftial objects with the tranlit inftrument. The refult in 
brief is as follows. 

I firft fettled the relative right afcenfions of about 30 of the 
brighter!, fixed ftars, and lying nearer! the equator, by a great 
number of obfervations with the tranfit inftrument, referring 
them to a Aquilae as the fundamental ftar, whofe right afcen- 
fion I aflumed from Dr. Bradley's determination. Hence, 
by obferved tranfits of the fun and the fame ftars, in the fpring 
and autumn, when his daily motion in declination was at leaf! 
1 6' or two thirds of the greateft, linferred the fun's right afcen- 
fions relative to the riffht afcenfions of thofe ftars fettled in the 
manner juft mentioned. Alfo from the fun's obferved zenith 
diftances taken with the brafs mural quadrant on the fame days, 
and corrected by refraction, parallax, and error of line of coi- 
limation, with Dr. Bradley's obliquity of the ecliptic, and 
latitude of the Obfervatory, I computed the fun's declinations, 
and thence the right afcenfions correfponding to them. 

Now, if the affumed right afcenfion of a Aquilae, and 
thence thofe of the other ftars were affected with fome fmall 
error, as might be fuppofed, the fun's right afcenfions deduced 
from the obferved tranfits would differ the fame way from the 
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truth at both feafons of the year, viz, by the unknown error 
of the arTumed right afcenfion of a Aquilae; but his right 
afeenfions inferred from his obferved zenith diftaiiees would be- 
affected contrary ways at the two oppofite feafons of the year, 
by the unknown errors in the refractions, parallaxes, latitude 
of the place, and obliquity of the ecliptic. Hence, the mean 
of the two corrections of the fun's right afcenfion, found from 
the obferved declinations about the vernal and autumnal equi- 
nox, would be the true correction of the affumed right afcen-. 
Hon of ct, Aquilae ; and the difference of the fame corrections 
would, by an eafy calculation, fhew how much the computed 
declinations were too great or too little for the truth, and cou- 
fequently what the true declinations were, and what the true 
zenith diftance of the fun was, when in the equator, or the 
latitude of the place, on fnppofition that Dr. Bradley's re- 
fractions were truly flated; for any fmall uncertainty in the 
obliquity of the ecliptic, as flated by him, could not affect this 
refult, which was deduced equally from obfervations of the 
fun in north and fouth declination, when the fameierror of the 
obliquity would affect the fun's right afeenfions deduced from 
the obferved declinations contrary ways. J took the fun's paral- 
lax from the 24th of my tables annexed to my obfervations,, 
conftructed upon a horizontal parallax 8 // ,84, which I had 
deduced from the obfervations of the firft tranfit of Venu% 
that in 1761, and differing infenfibly from 8"i, which I det- 
duced from the obfervations of the total durations of the tranfit 
between the internal contacts obferved at Wardhus and Ota- 
heite in 1760, confequently more correct than the horizontal 
parallax of io"\ ufed by Dr. Bradley. It is alfo evident, 
that the true zenith diftance of the equator thus found, dimi- 
niflied by Dr. Br adley's mean refraction, will be the apparent 
7 zenith 
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zenith diftance of the equator, affected only by the mean refrac- 
tion. 

I {hall now give the apparent zenith diftance of the equa- 
tor, and the true latitude of the Obfervatory, refulting in this 
manner from my obfervations of fix years, from the autumnal 
equinox of 1765 to that of 177.1, in which I allowed o",o, for 
the corredlion of the error of the line of collimation, additive 
to the obferved zenith diftances, as I found from a revifion of 
my calculations of the zenith diftances of ftars taken with the 
mural quadrant, compared with the like taken with the zenith 
fe£tor in 1768. 



Years of the obfervations* 



O to 
u I 

« .4) 

o 



Autumnal equinox of 1 765 and vernal of 1 766 
Autumnal equinox of 1 7 66 and vernal of 1 7 67 
Both equinoxes of 1768 - — 

Both equinoxes of 1 769 — — 

Both equinoxes of 1770 — — 

Both equinoxes of 1771 — — 



Apparentzenith 
diftance of equa- 
tor, taking the 
fun's horizontal 
parallax 8", 8 



5 o 

46 

48 

20 

42 



Mean from fix years obfervations -> 

Mean found by Dr. Bradley, with O ''s hori»T 
zontal parallax lo"y - - J 

But if l",2 be added to reduce them to they 
O's horizontal parallax 8",8, Dr. Brad- > 
ley's refult will be changed to - J 

Differing from my determination above only 



True latitude of 
the Obfervato4 
ry, according to 
Dr. Bradley's 
refractions and 
the fun's hori 
zontal parallax 
8",8. 



51 27 28,6 

3°A 

28,7 
29,3 
29>7 



51 27 29,8 
51 27 28 

5 1 27 29,2 



0,6 



51 28 40,1 

41,9 

43»7 
40,3 
40,8 

4i,3 



5 1 28 41,3 
5i 28 39,5 

5* 28 40,7 



0,6 



In further confirmation of the latitude of the Obfervatory, 
I fhall now adduce eight years obferved zenith diftances of the 
fun in the folftices, being deduced from a number of obferva- 
tions taken at and near the folftices, and corrected for line of 
collimation, refraction, parallax, and nutation. 

Years 
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■ Years 

of ob- 

vationa. 


Summer fol- 
ftitial zenith 
diftance re- 
duced. 


N°of 
days of 
obferva- 

tions. 


Winter folili- 

tial zenith 

diftance. 


N°of 
days of 
observa- 
tions. 


Half fum or 
latitude of 
the place. 


Half differ-" 
ence or obli- 
quity of the 
ecliptic. 


1766 
1767 


1 11 
28 O 30,2 

33> 6 
32,0 


6 

7 

6 


i*n 

74 S6'46,i 

48 s 8 

f uncertain ,^| 

i from an ^ 

L accident, J 


5 

2 


/ ft 
51 28 38,2 

4 1 »2 


/ // 
23 28 8,0 

7> 6 


1768 
1769 
1770 
1771 

1772 


29,7 

3 1 . 8 
30»7 

• 32.0 
3h8 


6 
8 

7 
' 8 
12 


44,9 

4 6 >2 

44,1 
42,2 
Line of collim 
matic objecl 


7 3?»3 

5 39»° 

6 37,4 

. 9 37>* 
ation altered by apply 

-glafs to the telefcope 


7.6 
7,2 

6,7 
S.i 
ing an achro- 


Mean 
Latitude 


28 31,5 

51 28 4° 




74 S 5 4S.4 


|S* 28 38,4 


23 28 7,0 
On Jan, i, 

1769. 




23 28 8,5 


mean oh 


iquity of eclip 


tic on Jan. 1, 1769. 



This laft obliquity 23 28' 8^,5 is deduced in the manner 
ufed by Dr. Bradley, and is more to be depended on than 
the other 23 28' 'j'^o deduced from both folftices, on account 
of the lefs certainty of the lower refractions, from which, 
however, it only differs a fecond and a half. 

Thus all the obfervations of the fun and circumpolar ftars 
accord to 1" of %" with the latitude of the Obfervatory fettled 
by Dr. Bradley, making ufe of his refractions. 

I mail now determine the latitude independent of Dr. Brad- 
ley's refractions, and infer the higher refractions at the 
fame time, from a comparifon of my obfervations of the 
apparent zenith diftance of the equator before fet down with 
Dr. Bradley's obfervations of the apparent zenith diftance 
of the pole, both taken with the fame excellent brafs mural 
quadrant, in the fame manner as Dr. Bradley deduced them 

from 
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from the apparent zenith diftance of the equator obferved with 
the iron quadrant compared with the apparent zenith diftance 
of the pole obferved with the brafs quadrant, according to the 
extract from the manufcript in my pofleflion before cited. 

The mean apparent zenith diftance of the equator, by my 
obfervations of fix years from' 1765 to 1771, was related before 
51 2/ 29"$. The mean apparent zenith diftance of the 
pole was found by Dr. Bradley from 1750 to 1752 to be 

3 8 ° 3°' 3S"' Tneir fum 8 9° 5 8 ' 4"> 8 taken trom 9°° leave3 
1' 55 // 2, the fum of the refractions at the two zenith diftances. 

Saying then, as \' 56", 7 the fum of the refractions by Dr. 
Bradley's rule, to \' $$" ,2 the fum by obfervation, fo are 
1' 1 \" t\ and 45", 3 the refpe&ivc refractions at the two appa- 
rent zenith diftances of the equator and pole by Dr. Brad- 
Ley's rule, to i' 10", 5 and 44", 7 the two refractions at thofe 
zenith diftances, which added to them give the co-latitude 
38 31' io/',7, and the latitude 51 28' 4o' / ,3. And as 
\' 56^,7 : i' 55 /y ,8 :: fo is 57" the refraction at the apparent 
zenith diftance 45° 3' by Dr. Bradley : $(>"2j the true re- 
fraction at that zenith diftance, or not half a fecoud differing 
from Dr. Bradley's, but more to be depended on as deduced 
from obfervations made with the brafs quadrant only, and cal- 
culated from a parallax of the fun nearer to the truth. 

But if the apparent zenith diftance of the pole be made ufe 
of, refulting from a mean of 310 obfervations made with the 
brafs quadrant, according to Dr. Bradley's manufcript, com- 
municated by Dr. Morn sby, from the whole of his obferva- 
tions from 1750 to 1753, viz. 38 30' 36", the fum of this 
and 5 i° 2 f so", 8, the apparent zenith diftance of the equator 
found by myielf with the fame inftrument, or 8$>° 58' 5 // & 
taker from 90 leaves 1' 54 / ',2, the fum of the two refractions 

at 
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at the pele and equator. Whence the refraction at the pole 
will be found in like manner as before 44 // ,3» and that at the 
equator \' 9", 9, and the latitude 51° 28' 39 // »7» and the re- 
fraction at the apparent zenith diftance of 45 3' = 55' / »8, 
which isi", 2 lefs than Dr. Bradley's determination, and i",2 
greater than deduced from Mr. Hawksbee's experiment of the 
refrattion of the air hereafter cited. It will be (hewn in the 
fequel, that the latitude thus found does not at all depend on the 
truth of the total arc, but only fuppofes the inftrument pro- 
portionally divided at the points anfwering to the pole and 
the equator. 

From the whole theii I conclude, that the latitude of the 
Royal Obfervatory at Greenwich is firmly eftabliihed from Dr. 
Bradley's obfervations and my own at 51 28' 40% probably 
without the error of a fingle fecond. 

Let us now inquire into the latitude of the Royal Obferva- 
tory at Paris. M. le Monnier, in the Memoires of the Royal 
Academy of Sciences for 1738, and in his Hijloire Celejle, has 
examined into the latitude of the Royal Obfervatory at Paris, 
refulting from the obfervations of the principal French aftro- 
nomers, and afluming the refraction at the height of the pole 
at Paris to be 50", which is 2" lefs than Dominico Cassini's 
table gives, and the fame which Dr. Bradley's rule gives, 
he finds the latitude of their Royal Obfervatory as follows : 

From the obfervations of M. Picard - 48 50 10 

of M. de la Hire - 48 50 12 

— — le Chev. de Louville 48 50 8 

— M. Maialdi - 48 50 14 

His 
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His own obfervations in 1738, after examining and 
making an allowance for the error of the total arc of 
his quadrant - - - - 48 50 14, 

His further obfervations in 1740, making allow- 
ance for the error of the total arc of his quadrant, 
and considering the effect of the {late of the air indi- 
cated by the thermometer upon the refractions 48 50 1 $ 

In the Memoires of the Royal Academy of Sciences 
for 1744, M. Cassini de Thury (the author of the 
memoir) finds from his own obfervations, with the 
fame refractions - - - - 48 50 tz 

In the Memoires of 1755, the Abbe dela Caille, 
from a nice and accurate calculation of his obferva- 
tions made at the College of Mazarine, at Paris, and 
the Cape of Good Hope, deduces new tables of re- 
fraction fuitable to each place, and ftates their re- 
fpective latitudes, and thence that of the Royal Ob- 
fervatory at Paris - - - 48 50 1 4 

Hence the ancient obfervations of M. Picard, M. 
de la Hire, and the Chevalier de Louville give 48 50 10 

The modern and more accurate obfervations of M. 
Maraldi, M. le Monnier, M. Cassini de 
Thury, and the Abbe de la Caille, give - 48 50 1.4; 
which is now generally made ufe of by the French aftronomers 
as the true latitude of their Royal Obfervatory ; and from the 
near agreement of fo many diligent obfervers and able aftrono- 
mers cannot be fuppofed to differ above 2 or 3" from the truth. 
The difference of this and 51 28' 40", the latitude of the 
Royal Obfervatory at Greenwich above ftated, is 2 38 / 26% 
the true difference of latitude of the two Obfervatories, which* 

Vol.LXXVII. Z from 
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from what has been faid of the obfervations on which the re* 
fpective latitudes were founded, cannot be fuppofed to differ 
above 3 or 4/' from the truth. What then becomes of the 
uncertainty of 1 5" fuppofed by the late M. Cassini ? 

The fame difference of latitude I find nearly from a compa- 
nion of my own obfervations of y and @ Draconis, taken with 
the zenith fector in 1768, with thofe of the Abbe de la 
Caille in 1750 and 1756, given in his Fundament a Aftro- 
nomia; after making the proper allowances for aberration, pre- 
ceffion, and nutation, and correcting my obfervations by Dr. 
Bradley's refraction, and the Abbe de la Caille's by his 
table, and making allowance for the diftance of the Abbe de 
la Caille's Obfervatory from their Royal Obfervatory; to. 
2 38' 25 // ,4- from y Draconis, and 2 38' 26 // ,i from /3 Dra- 
conis ; the mean being 2 38' 25", 7, differing only 0^,3 from 
that flared above; but from Dr. Bradley's obfervations 
2° 38' 24^9, and 2 38' 27^,2, mean 2 38' 26 ,v ,o. It 
is too well known to aftronomers to need my pointing out, 
that the belt method of determining the difference of lati- 
tude of places, differing but little in latitude, is by fuch 
differences of zenith diftances of ftars pairing near the zeniths, 
as the two above cited, obferved at both places, in the fame 
manner as the amplitude of the celeftial arc is obferved for 
finding the length of a degree of the meridian by companion 
with geometrical meafures. 

The queftion now will be, upon what foundation was the 
late M. Cassini's fuppofition of an uncertainty of 1$" in the 
latitude of Greenwich built ? This appears evidently to have 
been upon a paffage in the Abbe de la Caille's refearches 
into the aftronomical refractions and latitude of Paris, con- 
tained in the Memokes of the Royal Academy of Sciences for 
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1755, p. 578, 579, where M. de la Caille takes the dif- 
ferences of zenith diflances of 14 ftars obferved by Dr. Brad- 
ley (in correfpondence to the fame obferved by himfelf at 
the Cape of Good Hope, for determining the moon's parallax in 
declination) publifhed in the Memoires of the Royal Academy 
of Sciences for 1752, and the fame obferved by himfelf at 
Paris, after his return from the Cape, and correcting them for the 
difference of the refractions at the refpecliye zenith diftances, 
according to his own table of refractions, and the known apparent 
motions of the ftars, finds the mean 2 $7' 23 // ,9, which added 
to 48 51' 29 // ,3, his latitude at the College of Mazarine, gave 
him 51 28 / 53 // ,2 for the latitude of Greenwich, exceeding 
Dr. Bradley's latitude by 13 or 14". 

Now the legitimacy of this conclusion depends upon a fup- 
pofition that both inftruments meafured the true angle, or that 
their total arcs were juftly laid off, and that the Abbe de la 
Caille's table of refractions is juft. The firft indeed has been 
proved with refpect to Dr. Bradley's quadrant, but never has 
been attempted with refpect to the. Abbe de la Caille's 
fextant; for the examination which the Abbe made of his in- 
ftrument by parts for every y°f (fee Memoires of the Royal 
Academy of Sciences for 1751 p. 405.), could not determine 
the error of the whole arc, as the difference from the truth 
might be infenfible upon fuch fmall arcs, and the examination 
feems to have been intended to find the differences of thefe 
fmall arcs from one another rather than from the true arc 
which they reprefent. We may therefore be allowed to doubt 
of the truth of this circumftance. This doubt will be further 
Strengthened by feveral particulars which I (hall adduce. 

1. The apparent altitude of the pole at the Royal Obferva- 
tory 48 51/ 12", refulting from the Abbe ps la Caille's 

Z 2 obfer- 
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obfervations, exceeds 48 5i / 4 // the mean of the obfervations of 
Meff. Mar'aldi, le Monnier, and Cassini deThury, by 8",, 
and at the fame time his refractions for that altitude exceed what 
they adopt by the fame quantity. 2. His refractions are greater 
than all other tables give, Dominico Cassini's, Flamsteed's, 
Newton's, Bradley's, Mayer's, Simpson's, and Lord Mac- 
clesfield's. The latter I have by me in a manufcript of Dr. 
Bradley, being what he ufed to correct his obfervations by, be- 
fore he had been enabled to determine the refractions with the 
new mural arc. They were deduced from a brafs quadrant of 
5-feet radius made by Mr. Sisson, full remaining in the Obferva- 
tory atSherburn-Caflle, and are the more to be efteemed becaufe 
the divisions of the inftrument had been fubmitted to thzjlriclejl 
re-examination, whereby, in the opinion of Dr. Bradley, it was 
probably rendered as ferfeS in its kind as any extant, or as human 
Jkill could at that time produce. SeeLhr. Bradley's Letter to Lord 
Macclesfield, Phil.Tranf. vol. XLV.p. 5. The refractions in 
this table are lefs than Dr. Bradley's by 2", 4. at the altitude of 
45 , and 4 // at the altitudeof 20 . Maye r' s refractions agree almoft 
exactly with Dr. Bradley's, and are entitled to much weight, 
having been determined by a 6-feet mural arc conftrutted by Mr. 
Bird. 3. The refractions were found by the French Academicians 
at the polar circle, according to M. Maupertuis's Book on 
the Figure of the Earth, to agree nearly with Dominico Cas- 
sini's table. Hence it may be inferred, that the refractions in 
a warmer climate, as France, fhould be lefs than according to 
the fame table, and therefore much lefs than according 
to M. de la Caille's, and approaching to Dr. Brad- 
ley's, which are a little lefs than M. Cassini's. 4. M. le 
Monnier, after his return from the polar circle, with a qua- 
drant examined at the zenith and horizon, and after making 
allowance for the error thereby inferred in the total arc, ob- 
2 ferved 
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ferved a great many refractions of ftars under the pole, with 
the ftate of the thermometer, and fometimes of the barometer 
alfo, as recorded in his Hiftoire Celefte. Thefe' I calculated for- 
merly, and found the refractions obferved in very hot and very 
cold weather, compared together, to follow the fame rate of 
increafe and decreafe, according to the changes of temperature, 
as Dr. Bradley hasaffigned; and, reducing the obferved re- 
fractions to the mean temperature, I found them agree nearly 
with Dr. Bradley's. 5. The refractive power of the air 
about its mean temperature was carefully obferved by Mr. 
Hawksbee, as related in his Phyfico-Mechanical Experiments, 
and the ratio of the line of incidence to that of refraction out 
of air into a vacuum found to be as 999736 to ioocooo. Hence 
the aftronomical refraction at the altitude of 45 mould be 
54",6, only 2^,4 lefs than Dr. Bradley's, and 2" lefs than 
the fame when his higher refractions are new calculated with 
the true parallax of the fun, and i",2 lefs than I have before fliewn 
to refult from my obfervations of the apparent zenith diftance of 
the equator compared with Dr. Bradley's of the apparent ze- 
nith diftance of the pole, both taken with the fame brafs mural 
quadrant, but \z" lefs than the Abbe de la Caille's. 

From all thefe facts, I think, I may be allowed to conclude, 
that the Abbe de la Caille's refractions are not juft, but 
confiderabiy too large; and, confequently, as there can be 
no doubt of the care or diligence ufed by this aftronomer in his 
obfervations and calculations, that the total arc of his instru- 
ment is too large for the radius, and, as I (hall fhew prefently, 
gives the meafures of the zenith diflances too fmall. 

But it may alked, are then all the obfervations. of this great 
aftronomer, with their refults, the fruit of fo much labour and 
pains, to be coniidered as uncertain or lowered in their value in 
proportion to the error of his mftrument ? I am happy to 

anfwer a 
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snfwer, that the very ingenious method which he ufed of get* 
ting his refractions from the companion of the fum of the 
apparent altitudes of the poles at Paris and the Cape with the fum 
of the apparent zenith diftances of ftars pafling the meridian be- 
tween the two places, has fortunately, without his being aware 
of it, given him the refractions affected with the error of the 
arc of the inftrument, and confequently proper for correcting his 
obfervations ; for, if the inftrument be fuppofed ill divided, 
any error in the divifions will naturally be thrown upon the refrac- 
tions; and, if the total arc is too large for the radius, the ftars 
will appear to approach the zenith by the error of the divifions 
as well as the refractions, and the refractions in the table will 
come out too large, but ftill fuitable to the inftrument, becaufe 
a correction is neceffary to be added to the obferved zenith 
diftance, on account of the error of the inftrument, as well as 
of the true refractions, and the table deduced from the inftrument 
gives the fum of the two corrections together, without deter- 
mining them feparateiy. 

Hence his table of refractions, though well adapted to his 
inftrument, may be very unfit to be applied to any other. His 
latitudes of his obfervatories and his declinations of the ftars 
will not lofe any of their certainty, at leaft within the limits of 
the zenith diftances meafured by his fector, viz. 6o° # And this 
accounts for a circumftance, at firft fight rather extraordinary, 
that his declinations of ftars fhould agree fo nearly (generally 
within 5" of Dr. Bradley's, as Dr. Bradley himfelf re- 
marked) though his refractions made ufe of were fo very 
different. 

Having now (hewn, that the Abbe de la Caille's refrac- 
tions are too great, and only fit to be applied to his own inftru- 
ment, it will be eafy, by a juft calculation, to reconcile the 

before 
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before mentioned zenith diftances of 14 ftars, obferved at Green- 
wich by Dr. Bradley and by the Abbe de la Gaille at 
the College of Mazarine at Paris, with the eftablifhed latitudes 
of the two Obfervatories, nearly j in doing which I (hall claim? 
the fame right to correct Dr. Bradley's obfervations by Ins- 
table of refractions, as I have allowed the Abbe de la Caille 
to be intitled to correct his obfervations by his table of refrac- 
tions j which, I think, will be allowed me, after what 1 have 
faid of the manner in which the Greenwich refractions were 
deduced and the instruments made ufe of. The difference ot 
latitude of the College of Mazarine and the Royal Obfervatory 
at Greenwich will then come out by the feveral ftars, as fol- 

lpws; 2 37' I2", 7 , l6// >°> »3"A i3">7> i%"A> *7">7r 
i 9 " )7 , 23 // ,2, 17",;, i7",o, i3",o, i2",4„ 5 // ,6 > ii",g. 
The mean is 2 37' 15^,2 (or 8^,7 lefs than the Abbe* de la. 
Caille's refult in his method of calculation, which I have 
Ihewn to be inadmiffible) and added to 48 5 1' 29" t % ,the latitude 
of the Abbe* de la Caille's Obfervatory gives 5-1 ".2.8' 44",$, 
for the latitude of the Royal Obfervatory at Greenwich, only 
4 y/ | more than eftabliftied by Dr. Bradley's obfervations 
and my own; a fufficient agreement, efpecially confidering 
that many of the ftars were at great diftances from the zenith, 
and that no account has been made of the temperature of the air 
at the times of the obfervations. The proper method, however, 
of fettling the difference of latitude of two Obfervatories is by 
ftars near the zenith, as I obferved before ; and the difference of 
the latitudes of the two Obfervatories of the College of Maza- 
rine and Greenwich, by the Abbe de la Caille's obferva- 
tions of /3 and y Draconis compared with mine, was 2°37 / io",4, 
and compared with Dr. Bradley's 2 $f io",7, thefirftof. 
which, added to the Abbe de la Caille's latitude,, gives 
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51 28' 39 ,/ ,7, and the other 51° 28' 40", for the latitude of 
the Royal Obfervatory at Greenwich, exactly agreeing with that 
deduced immediately from the obfervations made at this place. 

The fame refult nearly follows from M. Cassini de 
Thury's own obfervations of the zenith diftance of the fun 
at the fummer folftice of 1755, contained in the Memoires of 
the Royal Academy of Sciences for that year, compared with 
Dr. Bradley's, which latter was communicated to me by the 
late John Howe, Efq. ; for, by M. Cassini's obfervations, 
the folftitial altitude of the fun's upper limb, corrected by 
the difference of refraction and parallax, according to 
Dom'inico Cassini's table, which happens to agree with 
the fame difference by my tables at this height, was 
64 53' 36", from which 15' 47" being fubtracted for the 
femi- diameter of the fun according to Mayer's tables, there 
remains 64 37' 49^, the true altitude of the fun's center, and 
confequently the fun's true zenith diftance 25 22' 11". But 
the fame was found from Dr. Bradley's obfervations, by my 
tables of refractions and the fun's parallax, 28 o / 32 // ,8. 
The difference 2° 38' 2i // ,8 or z° 38' z%" is the difference of 
latitude of the two Obfervatories, which added to 48 50' 14", 
the latitude of the Royal Obfervatory at Paris, gives 51 28' ifi" 
for the latitude of the Royal Obfervatory at Greenwich, or 
only 4" lefs than before ftated from the Greenwich obfervations, 
the difference lying the contrary way to that which the Abbe 
de la Caille carried the latitude of Greenwich, by impro- 
perly applying his own table of refractions to the Greenwich 
obfervations as well as to his own. 

The Abbe de la Caille having, in the fequel of his me- 
moir, inferred the difference of latitude of Gottingen and the 
College of Mazarine from, 22 ftars obferved by M. Mayer 

with 
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with a 6-feet mural quadrant of Bird's conftrudtion, cor- 
respondent to the Fame obferved by himfelf, I (hall make feme 
remarks on this comparifon, becaufe it appears to me to afford 
a ftrong argument to ihew that the Abbe de la Caille's re- 
fractions are too great; and that Mayer's, which agree with 
Dr. Bradley's, are juft. The Abbe, after correcting the 
zenith diftances of 22 ftars obferved at both places by his own 
table of refractions, finds the difference of latitude of Gottin- 
gen and Paris, by a mean, to be 2 40' 35",.i» which added 
to 48 51' 20 /7 ,3, the latitude of the College of Mazarine* 
gives him the latitude of M. Mayer's Obfervatory 5 i° %z' 4", 4. 
He adds, that fome obfervations of the pole ftar feut to him 
by M. Mayer would give the latitude of Gottingen 19" lefs 
than he 'has eftablifhed it, as juft mentioned. Now I find, 
that if M. Mayer's obfervations of the pole ftar, as well as of 
the ftars to the fouth of the zenith, be corrected by M. 
Mayer's table of refractions, and the Abbe de la Caille's 
obfervations by his table of refractions, the latitude refulting 
from M. Mayer's obfervations of the pole ftar will agree to 
2" with that refulting from the difference of latitude by the 
ftars to the fouth; for Subtracting 10" from 51 32' 4"j4> the 
latitude which the Abbe de la caille has affigned to Got- 
tingen in the manner above-mentioned, there remains 51 31' 
45^,4 the latitude which he found by the pole ftar ; to which 
adding 52 // ,S, the refraction at the mean height of the pole 
ftar according to the Abbe de la Caille, the fum 51 32' 
3%",z muft be the apparent height of the pole by Mr. Mayer's 
obfervations, which diminifhed by 45 // ,6, M. Mayer's re- 
fraction, gives the true latitude of M. Mayer's Obfervatory 
5-1 ° 31' 52 /y ,6. But by the difference of the Abbe de la 
Caille's and M. Mayer's zenith diftances of the 22 ftars to 
Vol. LXXVIL A a the 
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the fouth, corre&ed each by their own table of refractions, I 
find the difference of latitude 2° 40' 32^,0, 28 // ,9, 25'% 
af, 9 , 22 // ,6, 28^,3, 32^,0, 2 6 // ,7, 27^,2, 2 4 // ,2, 25^,4, 
3 i", 3 , 2 3 /; ,2, 23 7/ ,6, 28 ,/ , 9 , i8", 4 , i6",7> 22 ">°> 2 3 v ,8, 
2 1 r/ , 1 , 27 // ,3, 27 // 3 , the mean of which is 2 40' 25 // ,6, which, 
added to 48 51' 29 // > 3, the latitude of the College of Mazarine, 
gives the latitude of Gottingen 5i°3i / 54 // ,9, or only 2 // ,3 
more than I have deduced above from M, Mayer's observa- 
tions of the pole ftar rightly corrected, and only o // ,g lefs than 
is fet down in M. Mayer's tables, which he exprefsly fays, 
p. 48, of the precepts to his folar and lunar tables, publimed 
by myfelf for the Commiffioners of Longitude in 1770, was 
deduced from his own obiervations. 

I have before, when I mewed the Abbe de la Caille's 
refractions to be con fiderably too great, at the fame time vin- 
dicated them as fit for his inftrument, becaufe he deduced them 
in a manner which gave him the apparent elevation of objects 
above their true place by the fum of refraction and the error of 
his inftrument, if his inftrument meafured the zenith diftances 
too fmall, as I had concluded it did. The like remark may be ap- 
plied to Dr. Bradley's table ; for his refractions at the pole and 
equator, having been determined with one and the fame quadrant, 
at one time turned to the north to obferve the apparent zenith 
diftance of the pole by means of the polar ftar and other circum- 
polar ftars, and afterwards to the fouth to obferve the apparent 
zenith diftance of the equator, in the manner before explained, 
muft neceffarily be the true refractions, if the inftrument mea- 
fured the true angle ; and the fum or difference of the true 
refractions and the errors of the inftrument for thefe zenith 
diftauces 3 in cafe the inftrument did not meafure the true 
angle; and therefore equally proper to correct his obfervations, 
whether the total arc was juft or not. 

J Moreover,, 
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Moreover, from the two refractions thus found at the equa- 
tor and pole, the refractions of the circumpolar ftars at their 
paffing the meridian above the pole were computed by Dr. 
Bradley, from the hypothecs that the refractions at confi* 
derable altitudes are as the tangents of the zenith diftances ; 
which rule is pretty accurately true with refpect to the real refrac- 
tions, and would vary but little from the truth for the appa- 
rent refractions, which would be the fum or difference of the 
true refractions and the errors of the arc, in cafe the total arc 
erred from the truth by a very fmali quantity, not exceeding 
io or at moll: 20 feconds. The obferved zenith diftances of 
the ftars above the pole being corrected by the refractions thus 
computed, and fubtracted from the known co-latitude, gave 
their true diftances from tKe north pole, which added to the co- 
latitude gave their true zenith diftances under the pole; and 
this diminished by the obferved zenith diftance would give the 
refraction under the pole, or the fum or difference of the refrac- 
tions and the errors of the inftrument belonging to their respec- 
tive zenith diftances ; and thus his whole table would exhibit 
the fum or difference of the true refraction and error of the 
inftrument. Hence the latitude of Greenwich eftablifhed by 
Dr. Bradley, with his quadrant, as well as the latitudes of 
the Obfervatories at the College of Mazarine and the Cape of 
Good Hope, fettled by the Abbe de la Caille with his fex- 
tant, and the declinations of the ftars and the obliquity of 
the ecliptic found by both will be very near the truth, indepen- 
dent of the juftnefs of the total arcs, although their refpeetive 
refractions may be fuitable only to their own particular inftru- 
ments. But, for the reafons before given, I apprehend, the 
Abbe de la Caille's refractions to be much too large, and 
Dr. Bradley's to be very near the truth. 

A a 2 I mail 
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I mall now clofe my enquiry into the latitudes of Green- 
wich and Paris, and Dr. Bradley's and the Abbe de la 
Caille's reflations, by a remark naturally arifing from my 
comparifon of, and endeavours to reconcile, their obfervations, 
which I defire to fubmit to the consideration of aftronomers, it 
not having, that I know of, been made before ; that a table of 
refractions mould be made for every vertical inftrument from 
obfervations made with itfelf turned alternately north and 
fouth ; and that the table, fo made, applied to obfervations 
made with it, will give the true zenith diftances, whether the 
total arc of the inftrument be accurately juft, or affected with 
a fmall error, or however unequally it be divided below the 
pole, provided the diviiions are equal between themfelves in 
the part of the inftrument lying between the equator, the 
zenith, and the pole. 

It remains to give fome account oi the longitude of Green- 
wich, or rather of the difference of meridians of Greenwich 
and Pans, in reply to the late M. Cassini's doubts on the fub- 
je£t. This had been fettled by Dr. Bradley at 9' 20", as He 
informed me himfelf, and that he had deduced it from eclipfes 
of Jupiter's firft fatellite obferved at both places, and that he 
had found it come out the fame both from the immerfions and 
emernons. This quantity had been inferted in the table of 
latitudes and longitudes of places, prefixed to Dr. Halley's 
tables, on the authority of Dr. Bradley, fo long ago as the 
year 1749, the date of the publication of thofe tables, and 
was generally admitted by aftronomers till the year 1763, 
when the late Mr. James Short, F. R. S. computed it from 
the four tranfits of Mercury over the fun in 1723, 1736, 1743, 
and 1753, obferved at Paris, London, and Greenwich, to be 
9' 16". See PhilofophicalTranfa&ions, VoLLIII. p. 158. In 

5 tne 
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the year 1776, I requefted the late Mr. Wargentin, the 
learned Secretary of the Royal Academy of Sciences at Stock- 
holm, and Author of the improved Tables for computing 
the Eclipfes of Jupiter's Satellites, who collected obfervations 
of them from the principal Obfervatories of Europe, in order 
to the further improvement of the tables, to inform me what 
difference of meridians of Greenwich and Paris refulted from 
my laft ten years obfervations of the eclipfes of the firft fatel- 
lite of Jupiter compared with thofe made by M. Messier at 
Paris. In the anfwer which he favoured me with, inferted in 
the Philofophical Tranfactions, Vol. LXVIL p. 162. he fet 
down the refult of the comparifons of eight correfponding im- 
merfions and nine emerfions obferved on both parts, by myfelf 
and M. Messier, from which he deduced the difference of 
meridians of the Royal Obfervatories of Greenwich and Paris 
9' %$"• By two correfponding immerfions and nine correfpond- 
ing emerfions, obferved at both Royal Obfervatories, he found 
9' 21". From the obfervations made between 176 1 and 1764 
he found 9/ 28". By the obfervations made before 1700, 
0/ 2i // . And, from a comparifon of mine and the Parifian ob- 
fervations, with the intermediate help of his own made at 
Stockholm, 9/ 26 // : and from the whole he inferred 'the dif- 
ference of meridians to be 9' 2 5". 

Twelve years having elapfed fince Mr. Wargentin's com- 
parifon, I was defirous to fee what would refult from the fur- 
ther obfervations* made during thattime, and applied to theComte 
Cassini, the refpeaabieheirofthe late M. Cassini de Thury 
andhisfuccefforat the Royal Obfervatory, and to the celebrated 
M. Messier, to favour me with fuch of their obfervations 
of the eclipfes of the firft fatellite of Jupiter as had been made 
correfpondent to mine. Thefe they immediately fent me in 

the 
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the moft obliging manner, by which I am enabled to make 
further inferences concerning the difference of our meridians, 
as exhibited in the two following tables ; in reference to which 
it is to be underftood, that all the obfervations at Greenwich 
w T ere made with a 46-inch achromatic telefcope of 3,6 inches 
aperture, ; except a few otherwife noted as obferved with a 
6-feet Newtonian reflector, whofe aperture is 9,4 inches ; and 
once with a 2 -feet Gregorian reflector, whofe aperture is 4,5 
inches; and once with an 18-inch Gregorian reflector, with 
an aperture of 4,4 inches, furniihed with new metals of Mr. 
Edwards's brilliant compofition, defcribed in the Appendix to 
the Nautical Almanac of the prefent year, which reflects as 
much of the incident light as an achromatic telefcope tranfmits; 
and that in making out the columns, intitled difference of me- 
ridians corrected, I have fubtracted 7" from the immerfions 
and added as much to the emerfions obferved with the 6-feet 
reflector, and added 13" to the immerfions and fubtracted as 
much from the emerfions obferved with the a-feet reflector, to 
reduce them to what they mould have been probably obferved 
at with the 46-inch achromatic telefcope, and added 5" to the 
time of the emerfion obferved on Sept. 5, 1784 at the Royal 
Obfervatory at Paris, with a 5-feet reflector of Dollond, to 
reduce it to the ^i feet achromatic telefcope, 
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Difference of meridians of the Royal Obfervatories at Greenwich and Paris, by 
obfervations of eclipfes of Jupiter's firft fatellite, obferyed at both places. 



By Immerflons. 
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Greenwich. 
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correaed. 




vatory at Paris. 


1779, Jan. 11 


9 22 
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6F. 


Limbs undulating. 


18 


9 38 


9 45 


6F,; air a little hazy. 


Air very clear. 


1780, Jan. 14 


9 5 


9 5 


Air very clear. 




Mar. 18 


9 16 


9 16 


Air very clear. 


Air hazy. 


25 


9 8 


9 8 


- 


Air a little hazy. 
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9 " 


9 11 
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A little hazy. 
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1773, Nov. 1 


/ // 
9 IO 


9 3 


6F. Air a little hazy. 




1775, Feb. 15 


10 44 


10 37 


6 F. Twilight. 


Air very clear. 


Mar. 17 


9 43 


9 3 6 


6F. Air a little hazy. 


Air very clear. 


1778, Mar. 13 


10 46 


10 46 


— Bright moonftiine. 




Apr. 12 


9 46 


9 46 


Air hazy. 




,1779, Mar. 30 


10 43 


10 43 


_ _ 


Air hazy. 


Apr. 1 


9 56 


10 9 


f 2 F. refleaor. Air 
1 very clear. 




1 78 1, May 24 


9 49 


9 49 


Air very clear. 




3 1 


9 8 


9 8 


- 


Air very clear. 


1782, Aug. 29 


9 27 


9 37 


Air very clear. 




1783, Aug. 2 


8 54 


8 54 


Air very clear. 
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[ Jupiter's dift. 
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9 45 


9 45 


f Air very clear, but 
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\ much. 
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1784, Sept. 5 
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vfying 450 times. 


1785, Nov. 9 


9 26 
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I new metals. 
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9 45 
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9 42 
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Before the 24th of May, 1781, a 3! -feet achromatic tele- 
fcope of Dollond, of 42 lines aperture, that was but an 
indifferent one, was made ufeof at the Royal Obfervatory at 
Paris. From that time a very good one was employed of .the 
fame lize and aperture. 

Difference of meridians of the Royal -Obfervatory of Green- 
wich and the Hotel de Clugny at Paris, 2" of time Eaft of 
the Royal Obfervatory, deduced from observations of eclipfes 
of Jupiter's flrft fatellite obferved at both places. 



By Immerfions. 
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Circumftances of 


Circumftances of 
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Diff. of J 


the obfervations at 


the obfervations at 




meridians. 


meridians 
corre&ed. 


Greenwich. 


Hotel de Clugny. 


1775. J ul y is 


9 55 


/ .11 

9.55 


— — 


Air very clear- 


Aug. 7 


9 6 


9 l 3 


6F. 


Air very clear. 


1776, Sept. to 


9 22 


9 22 


Jupiter a little' hazy. 




1777, Sept. 6 


9 33 


9 33 


_ — 


Air very clear. 


Nov. 7 


9 23 


9 23 


Air hazy. 


Air very clear. 


i779> J an * " 


io 18 , 


10 25 


6F. 


Air very clear. 


18 


9 23 


9.3° 


6 F. air a little hazy. 


Air very clear, 


Dec. 22 


8 io 


8 10 


Air very clear. 


A little hazy. 


1780, Jan. 7 


9 39 


9 39 


Air very clear. 


Air very clear. 


14 


9 4° 


9 4° 


Air very clear. 


Air very clear. 


Mar. 18 


9 2 


9 2 


Air very clear. 


Air very clear. 


25 


9 24 


9 24 






1781, Feb. 26 


8 48 


8 48 


%'s limb undulates. 




Mar. 5 


8 59 


8 59 


- - 


Air very clear. 


Apr. 13 


9 16 . 


9 16 


- - 


Jupiter ill defined. 


1783. J«iy 8 


9 58 


9 58 


- ' — 


Air very clear. 


1 7 80, Sept. 4 


9 *9 


9 *9 


Air very clear. 




Dec. 30 


9 3 1 


93 1 


Air very clear. 


Very hazy. 


Meanofi8imm. 


9 22,5 


9 23,7 
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of 
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Greenwich. 


the Hotel de Clugny, 




meridians. 


corrected. 






1775, Feb. 15 


/ // 
9 3 1 


/ // 
9 2 4 


6 F. Twilight. 


Air very clear. 


22 


9 J 


8 54 


6 F. 


Air veiy clear. 


Mar. 1 7 


9 l S 


9 6 


6 F. Air a little hazy. 


Hazy. 


1776, Jan. 26 


9 15 


9 *5 


_ _ 




1777, Feb. 4 


8 5I 


8 5* 


Air very clear. 


Air very clear* 


Mar. 24 


9 13 


9 *3 


Air very clear. 


Air very clear. 


3 1 


9 22 


9 22 


Air very clear. 




1778, Feb. 25 


8 48 


8 48 


~ 


Air hazy. 


Mar. 13 


9 J 5 


9 *5 


- ™ 


A little hazy,, 


Apr. 5 


9 *7 


9 J 7 


Air hazy. 


Air very clear. 


12 


10 11 


10 11 


_ _ 


Air very clear. 


May 21 


9 29 


9 22 


6F. 


Air very .clear. 


1780, Apr. 19 


9 28 


9 28 


Air very clear. 




May 28 


9 37 


9 37 


- - 


Air very clear. 


1781, May 31 


9 10 


9 10 


- 


Air a little hazy. 


June i 6 


9 2-? 


9 25 


— * MM) . 


Air a little hazy„ 


1783, Aug. 2 


9 23 


9 23 


Air very clear. 


Air very clear. 


25 


9 40 


9 40 


Air very clear. 




oa. 3 


9 30 


9 3° 


Air very clear, 
f 1 8 -inch reflector, 
1 new metals. 


Air hazy. 


1785, Nov. 9 


9 *4 


9 H 




18 


9 12 


9 12 


Air very clear. 




1786, Jan. 3 


9 58 


9 58 


Air a little hazy. 


Air hazy. 


Meanof22emer. 


9 22 


9 a°>7 


M. Messier's achrom. telefcope is of 3J 


Meanofi8imm. 


9 22,5 


9 23,7 


feet focus, 40 lines aperture, with mag- 
nifying powers of 70 and 140. 
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weft of Hotel \ 


— 2 


— 2 
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of the Royal I 


9 20 


9 20 
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Hence the difference of meridians of the two Royal Obfef* 
vatories, by the obfervations made in the Royal Obfervato- 
ries themfelves, is 9/ 3©" j and by the obfervations made by 
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M. Messier, at the Hotel de Clugny, and reduced to the 
Royal Obfervatory is c/ 20". The mean of both refults is 
9/ 2$" . But if greater weight be given to the latter determi- 
nation than to the former in the ratio of 2 to 1, on account of 
the feries of M. Messier' s obfervations being the moft com- 
plete,, the difference of meridians will be </ 23". 

M. du Sejour, iii the Memoires of the Royal Academy of 
Sciences for 1771, found 9' 2c/', as well from the beginning 
as end of the folar eclipfe of 1769. M. Mechain, the learned 
editor of the Connoijfance des 'Temps, informs me, that from 
the immeruons of Celeno and Mala at the moon's limb, on 
March 5th lafl year, he has found by calculation from M. 
Messier's obfervations compared with mine 9"' ig'^^g and 
9' 1 7^,9, or by a mean of 18'' ',9 ; but, by his. own obfervations 
compared in like manner, he makes it a little more than 9' 2o // . 
He regulated his clock by correfponding altitudes ; but M; 
Messier, corrected his, by a tranfit inftrument, which, how- 
ever, has no meridian mark. For. the prefent, I infer, w$ 
may take the difference of meridians 9' 20 // , as being within 
a very few feconds of the truth, till fome more occultations of 
iixed ftars by the moon, already obferved, or hereafter, to ba 
obferved, in favourable circumftances, and carefully calculated, 
fhall enable us to eftabliih it with the laft exactnefs. To col- 
lect and calculate fuch obfervations I have not leifure. at pre- 
fent ; but the field of calculation is equally open to the cele- 
brated aftronomers of Paris, the obfervations made at this 
place being now publifhed annually. 

The extenfive geometrical operations recommended by the 
late M. Cassini de Thury, and commenced under the direc- 
tion of Major-general Roy, F. R. S. by his exact meafure of a 
bafe on Hounflow- Heath, may alfo, when completed, deter- 
mine 
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mine the difference of meridians of Greenwich and Paris to 
great exactnefs. But they do not feem to me likely to throw 
any new light on the difference of latitude of the two Obfer- 
vatories, becaufe the uncertainty we are fUll under about the 
true figure and dimensions of the earth, and the irregular attrac- 
tions arifing from the irregular external figure and unequal den- 
fity of the internal parts of the earth would prevent us from draw- 
ing any accurate conclufions, or fuch as we could confide, in, from 
ithofe geometrical meafures, with refpecT: to fo large a quantity 
as 2° 38' 26 // the difference of latitude; and, at all events, it 
muft be lefs exa£t 9 as it is lefs direct, to determine the difference 
of latitude of two places from the meafufed diftance of the 
two parallels compared with the length of a degree in the in- 
termediate latitude, inferred from former meafures of degrees, 
which were themfelves determined with the help of aftrono- 
mical obfervations, than to infer it from the immediate aftro- 
nomical obfervations made at the two obfervatories, in the 
manner I have already deduced it. 

NEVIL MASKELYNE, 

Aftronomer Royal. 
Greenwich, 
February ai, iy8jS 
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